We report the expression pattern of a murine homolog of the Xenopus laevis T-box gene Eomesodermin. mEomes expression is first detected in the extra-embryonic ectoderm prior to gastrulation, and persists there until head-fold stages. In the embryo proper, mEomes is expressed throughout the early primitive streak, nascent mesoderm and in the anterior visceral endoderm. Although mEomes expression disappears from the embryo at late-streak stages, a second domain of mEomes expression is observed in the telencephalon beginning around E10.5.
Results
T-box genes constitute an ancient family of transcription factors related by a conserved DNA-binding domain (the Tbox). The unique developmental expression patterns of Tbox genes have implicated them in multiple cell fate specification events (as reviewed in Papaioannou and Silver, 1998) . To identify new T-box genes which may play roles in mesoderm patterning and morphogenesis at gastrulation, we used degenerate PCR to amplify T-box motifs from a murine embryonic day 7.5 (E7.5) primitive streak cDNA library. Among the T-box clones isolated was a murine homolog of Xenopus laevis Eomesodermin, a pan-mesodermal marker expressed at mid-blastula transition (Ryan et al., 1996) . Murine Eomesodermin (mEomes) has previously been recovered from an independent EST database screen (Wattler et al., 1998 ; accession number AF013281). To characterize the developmental expression pattern of mEomes, whole-mount RNA in situ hybridizations were performed.
mEomes expression is observed in the epiblast at the embryonic/extra-embryonic junction, just prior to gastrulation at E6.5 (Fig. 1B, arrowhead) . As the primitive streak forms, and epiblast cells delaminate through the streak to establish the mesodermal germ layer, mEomes expression is observed throughout the primitive streak, the posterior third of the epiblast, and the nascent mesoderm ( Fig. 1C-G) . At the mid-streak stage, mEomes is also expressed in the distal and anterior visceral endoderm (Fig. 1D ,G) in a domain which overlaps that of Cerberus-like and Goosecoid (Belo et al., 1997) . Recent findings associate this domain with head organizer activity (reviewed in Bouwmeester and Leyns, 1997; Beddington and Robertson, 1998) .
As gastrulation progresses and the streak elongates towards the distal tip of the egg cylinder, mEomes becomes restricted to the anterior primitive streak ( Fig. 2A,C) and to the mesodermal cells most proximal to the streak ( Fig. 2C ; insert). mEomes expression disappears from the embryo at the late-streak stage, prior to morphological node formation ( Fig. 2D) .
In Xenopus, Eomesodermin is expressed throughout the mesoderm in a ventral to dorsal gradient of increasing concentration, and it has been proposed that Eomes functions in initiating mesoderm differentiation and in progressively specifying more dorsal mesoderm fates (Ryan et al., 1996) . The gradual confinement of mEomes expression to the anterior streak resembles the ventral to dorsal gradient of Eomes expression observed in Xenopus: fate mapping and lineage analysis of early mouse embryos have demonstrated that mesodermal cells which traverse the anterior primitive streak adopt 'dorsal' cell fates (Tam, 1989; Lawson et al., 1991; Parameswaran and Tam, 1995) . Therefore, it is conceivable that mEomes may also function in mesoderm fate determination.
At E5.0, mEomes is strongly expressed in the extraembryonic ectoderm of the early egg cylinder (Fig. 1A) . This represents a novel murine expression domain for Eomesodermin; in early Xenopus embryos Eomes shows only zygotic, pan-mesodermal expression (Ryan et al., 1996) . Over the course of gastrulation mEomes expression persists within the extra-embryonic ectoderm as it retracts towards the placenta to form the chorion (Figs. 1 and 2) . Extra-embryonic ectoderm is initially derived from the polar trophectoderm lineage, soon after blastocyst implantation. Tanaka et al. have recently reported that mEomes is expressed by trophoblast stem (TS) cells isolated from extra-embryonic ectoderm at E6.5 (Tanaka et al., 1998) . In the absence of FGF4, TS cells lose mEomes expression and differentiate. This and the similar extra-embryonic expression patterns of mEomes and of Fgfr2 (Arman et al., 1998 ; Fig. 2B,E) underscore the role for T-box genes as potential mediators of FGF signalling (Griffin et al., 1995 (Griffin et al., , 1998 , and suggest a possible role for mEomes in the specification and patterning of trophoblast and extraembryonic ectoderm lineages.
At E10.5, strong mEomes expression is seen in the forebrain. mEomes is expressed in the superficial layer of the telencephalic vesicle, but expression is excluded from the dorsal midline (Fig. 3A-D) . This closely resembles the expression pattern of another mouse T-box gene, T-Brain-1 (Tbr-1; Fig. 3E ) which Bulfone et al. (1995) have shown to be expressed in a single layer of post-mitotic cells in the mantle zone of the telencephalon at E10.5. The expression domain of Tbr-1, however, extends more rostrally than that of mEomes, and the rostral margin of mEomes expression appears more defined than that of Tbr-1 (Fig. 3D-E) . Xenopus Eomes is also expressed in the most anterior part of the brain, becoming strongly transcribed in the olfactory region of the telencephalon (Ryan et al., 1998) . Therefore, XlEomes, mEomes and Tbr-1, which constitute a distinct subfamily of T-boxes (Wattler et al., 1998) , may play a role in regionalizing the early forebrain.
Methods
Novel T-box motifs were amplified by PCR from an E7.5 primitive streak cDNA library (generous gift from Dr. Jonathan Pearce) using degenerate primers encoding amino acid sequences GTEMIITK and NPFAKGFR. Amplification products were analyzed by PAGE and amplicons in the expected size range (about 500 bp) were eluted from gel slices, subcloned and sequenced. NCBI-BLAST was used to identify sequences homologous to T-box genes. An isolated amplicon encoding the mEomes T-box was used as a probe for whole mount RNA in situ hybridizations, which were performed as described by Conlon and Rossant (1992) and Henrique et al. (1995) . A mEomes 3′ RACE product, containing sequence downstream of the Tbox including 3′ UTR, was also used as an in situ probe and gave identical results. For sectioning of whole-mount stained embryos, specimens were postfixed in 3.7% formaldehyde overnight at 4°C, embryos were embedded in paraffin, sectioned at 10 mm, mounted onto glass slides, dewaxed, and some slides were conterstained with Nuclear Fast Red. Other in situ probes used were as follows: Fgfr2 probe consisted of a 2kb EcoR1 extra-cellular and transmembrane fragment of bek cDNA (from Alka Mansukhani) Fig. 2 . Late-streak expression of mEomes and Fgfr2. (A,C,D) mEomes expression in mid-late streak, late streak and early head-fold stage embryos, respectively. Note the restriction of mEomes to the anterior streak (C) and its confinement within the primitive streak and adjacent mesodermal cells (C, insert). (B,E) Fgfr2 expression in late-streak and early head-fold embryos, respectively. Note the similarities between mEomes and Fgfr2 staining in extraembryonic ectoderm and chorion. ee, extra-embryonic ectoderm; ps, primitive streak; ch, chorion; m, mesoderm. Scale bars, 100 mm.
cloned into Bluescript KS; the Tbr-1 probe consisted of an amino-terminal 1.3kb Tbr-1 EST obtained from Soares mouse p3NMF19.5 cDNA library (W09676).
